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P
ortable respiratory monitoring (PM) is an alternative to polysomnography (PSG) for diagnosing obstructive sleep apnea syndrome (OSAS), [1] [2] [3] [4] [5] [6] [7] [8] relying specifically on cardiopulmonary bioparameters that are recorded in the PSG. 9, 10 Type 3 monitors record four or more respiratory signals and have been developed for home use. 11 The diagnosis of OSAS with validated PM has new clinical guidelines issued by the Portable Monitoring Task Force of the American Academy of Sleep Medicine. 12 Following the decision tree proposed by the academy, PM can increase the diagnostic capability of the installed sleep laboratories. On the other hand, the guidelines emphasize the deficiency of the current evidence. 12 The Portable Monitoring Task Force 12 mentioned lack of published information on safety, ease of use, reliability, durability, economy, and diagnostic accuracy. Validation studies 6, [13] [14] [15] [16] [17] of these monitors have been conducted, but most lack either laboratory or home recordings and comprise a small number of subjects. Hence, the purpose of the present study is to provide information regarding the diagnostic accuracy of a type 3 PM in the laboratory and at home, taking PSG as the "gold standard," in a large number of patients with suspected OSAS.
Materials and Methods

Research Subjects
Consecutive patients Ͼ 18 years of age who were referred for evaluation of suspected OSAS were invited to participate in the study if they signed the informed consent form. Pregnant women, patients with severe comorbidities (cancer, heart failure, etc) or difficulties that would interfere with the examinations, and patients residing outside the metropolitan area of Porto Alegre (Rio Grande do Sul, Brazil) were excluded. This study was approved by the Ethics Committee of our institution.
Study Protocol
The sleep studies were carried out in the laboratory and at home on two different nights and with a maximum interval of 48 h. In the laboratory, the subjects underwent PSG and PM (lab-PM) study simultaneously. The technicians were allowed to intervene in both the studies in the case of technical issues. For the home study (home-PM), the equipment was handed out to the subjects, who were instructed on its use. On the following day, subjects returned the equipment, and the data were read by specific software.
Anthropometrical data and BP were measured just before the PSG study. Each subject completed a survey questionnaire that included the Epworth Sleepiness Scale (ESS), the Berlin Questionnaire for sleep apnea, medical history, and regular use of medicines.
The PM data were manually interpreted in a satellite location by one of the authors, who was unaware of the subjects' PSG results. The PSG results were interpreted at the laboratory by another author, who is a board certified sleep specialist.
PSG
All subjects submitted to nocturnal PSG, which was carried out according to the following standard methods: EEG (C3-A2, C4-A1), electrooculogram (left eye and right eye), submental and anterior pretibial electromyograms and ECG. Airflow was measured by a nasal cannula attached to a pressure transducer through a Y tube to allow connection to the pressure port of the PM on the lab-PM night. Arterial oxygen saturation (SaO 2 ) was measured by a pulse oximeter. Sleep staging was performed using Rechtschaffen and Kales criteria. 18 
Portable Monitoring
Portable monitoring was performed as previously described 19 using Somnocheck (Weinmann GmbH, Hamburg, Germany), a type 3 monitor with position sensor, pressure transducer, and pulse oximeter. The unit was adjusted to the subject's chest using a belt, and the nasal cannula was used to record airflow and snoring. The pulse oximeter recorded both oxygen saturation and heart rate. Alarms for oximeter and flow signal loss were left on. For the lab-PM, a technician could help the subject when the PM alarms sounded. For the home-PM, the subjects were instructed on how to wear the equipment as well as on how to relocate the sensors if the lost signal alarm sounded. Recordings shorter than 4 h of artifact-free tracings were discarded.
Event Definition
For both PSG and PM, apneas, hypopneas, and the apneahypopnea index (AHI) were defined according to standard criteria. 20 The PSG AHI was considered as the reference variable for the OSAS diagnostic definition. The PM AHI was defined as the total number of apneas and hypopneas divided by the number of hours of artifact-free recording. Information from the sleep diary and position recording were used to exclude stretches of the recording in which wakefulness was indirectly deduced. Severity of OSAS was categorized as follows: mild, AHI ϭ 5 to 15 events/h; moderate, AHI ϭ 15 to 30 events/h; and severe, AHI Ͼ 30 events/h. 20 
Statistical Analysis
Continuous variables are described as mean Ϯ SD. AHI results were log transformed for most analyses. The accuracy of PM was described by sensitivity, specificity, positive and negative predictive values, positive likelihood ratio (ϩLR), and negative likelihood ratio (ϪLR). Concordance between PM and PSG results was assessed by receiver operating characteristic (ROC) curve analyses, intraclass correlation coefficient, statistic, and the limits on the Bland-Altman plot. Bland-Altman concordance analysis was performed using logarithmic transformation, as recommended by the authors. 21 A probability of ␣ error Ͻ 5% was considered significant.
Results
Two hundred and twenty patients were invited to participate in the study between November 2004 and August 2006. One hundred and sixty-three consented, and 157 underwent PSG and were included in the analysis. Figure 1 shows a diagram of the subject recruitment flow. The 57 patients who did not consent to participate in the study were similar to the analyzed population in terms of age, gender, body mass index (BMI), and BP.
Data from the lab-PM were lost for eight (6%) subjects as follows: six had Ͻ 4 h of recording due to battery failure, one lost the airflow signal, and one lost the oximetry signal. Thirty-six (23%) subjects were excluded from the home-PM analysis for several reasons. Thirteen (8%) did not retrieve the equipment from the laboratory in order to undergo the home-PM and were excluded from the home-PM analysis. Considering the 144 subjects who underwent home-PM, the data-loss rate due to technical problems was 16%. Twelve (8%) subjects had Ͻ 4 h of artifact-free recordings, mostly because of battery failure; five (3%) lost oximetry signal; four (3%) lost airflow recording; one (1%) could not tolerate the equipment; and one (1%) forgot to wear the equipment (Fig 1) . The 16% rate of data loss in home-PM is significantly larger than the 5% seen in the lab-PM ( 2 ϭ 9.6; p ϭ 0.002). The excluded subjects were similar to those who were included in terms of anthropometric and PSG variables.
The subject characteristics and study variables are shown in Table 1 . The number of subjects included in the comparisons between lab-PM with PSG and home-PM with PSG was restricted to the examinations done in both conditions. The time spent in supine position was similar at home and in the laboratory (p Ͼ 0.05). For a PSG AHI Ͼ 5, the OSAS prevalence in study subjects was 87%. Table 2 shows the statistics values and its 95% confidence intervals (CIs) between the PSG AHI and lab-PM and home-PM AHI. The intraclass correlation coefficient between lab-PM AHI and home-PM AHI was 0.90 (95% CI, 0.86 to 0.93). Table 3 presents the sensitivity, specificity, predictive values, area under the ROC curve, best cut point, and likelihood ratios of home-PM for the different OSAS classification levels. The probability of home-PM to correctly exclude the OSAS was 91.7% and to correctly diagnose severe OSAS, 87.6%.
Although performed under the same conditions as PSG, the diagnostic performance of the lab-PM was, in general, only marginally higher than that of the home-PM compared to PSG. For instance, the sensitivity of lab-PM to detect an AHI Ͻ 5 was 95.3% (95% CI, 91.7 to 99.0), and the specificity was 75% (95% CI, 56 to 94); the sensitivity of the home-PM was 96.1% (95% CI, 92.5-99.8), and the specificity was 64.7% (95% CI, 42.3-87.4). The best AHI cut points were 6 for lab-PM and 7 for home-PM. At these cut points, the ϩLR and ϪLR for lab-PM were 3.8 and 0.11, respectively, and the ϩLR and ϪLR for home-PM were 2.7 and 0.05, respectively. The Bland-Altman concordance analysis demonstrated relatively small dispersion for lab-PM compared with PSG (Fig 2) . The limits ranged from Ϫ8 to 9.2 events/h. Home-PM was performed with different equipment, on different days, and at separate locations and showed larger limits (range, Ϫ18 to 22 events/h) compared to PSG.
Several clinical outcomes obtained from the Berlin Questionnaire for sleep apnea and the ESS as well as from systolic and diastolic BP were correlated with PSG AHI and home-PM AHI (Table 4 ). All Pearson product moment correlation coefficients were similar, indicating that the diagnostic ability of the three indexes is comparable.
Discussion
In this study, a type 3 PM was tested for its ability to diagnose OSAS at home and was simultaneously validated against the laboratory "gold standard" in a large sample of patients with clinically suspected OSAS, which represents the spectrum seen in clinical practice. The order of the examinations done in the laboratory or at home was randomly assigned. The results show that the accuracy of home-PM compared with PSG is within the limits usually seen when two diagnostic tools are compared. Our results are similar to those reported by other authors 17, 22, 23 in studies using smaller samples or alternative PM study methods not validated in the laboratory.
Conservative estimates suggest that about 2,310 PSG studies per 100,000 patients per year would be necessary to diagnose moderate to severe OSAS, exceeding the current capacity of most countries to perform PSG studies by tenfold. 24 The scarce availability and high cost of PSG also support the use of simpler validated instruments as a first step toward diagnosis.
In our study, the best performance of PM was at the extremes in subjects with AHI Ͼ 30 or AHI Ͻ 5. The ϩLR of PSG AHI Ͼ 30 was 10.1 for home-PM AHI Ͼ 30. Additionally, when the home-PM AHI is Ͻ 5, the ϪLR indicates a twentyfold lower probability of having PSG AHI Ͼ 5. The statistic and Bland-Altman plot pointed in the same direction. This performance of the home-PM is clinically interesting because it can detect which patients either urgently require treatment or can be reassured that continued treatment is unnecessary. The ruling-in or ruling-out approach of an accurate screening tool also may be important in the evaluation of highly prevalent associated conditions, such as hypertension, where an investigation for OSAS has been recommended in the cases with hypertension resistant to treatment. 25 We 19 have previously shown that OSAS diagnosed by home-PM was strongly associated with resistant hypertension, confirming that this method is capable of detecting the presence of disordered breathing associated with comorbidities. The statistic analysis indicated substantial agreement between home-PM and PSG, and the BlandAltman plot showed graphic evidence of adequate concordance between these diagnostic methods. The variability between the two methods could be due to differences in the equipment and the scorers. Regarding hypopneas, evidence 26 supports that minor differences in detection equipment can lead to rejection or acceptance of an event. Even when the equipment is the same, the AHI from the full PSG exceeds that derived from flow and oximeter signals by almost 6 events/h. 27 The oximeter response time and averaging time can have a significant effect on the number of hypopneas counted. 28, 29 Because desaturation was a criterion for hypopnea scoring in the present study, the difference in oximeter performance alone could explain the different AHIs in the same night. In addition, Collop 30 has shown that the same PSG can produce diverse results when scored by several technicians. Therefore, the bias of 1 event/h in the present study is surprisingly low when the mean PSG and lab-PM results are compared. The PSG and home-PM studies on different nights showed a similarly low bias and an AHI variation of Ϫ18 to 22 events/h. The higher dispersion between the results of the examinations performed at home and with the PSG were expected because this phase of the experiment adds the following three causes of variability: montage change, environment change, and true night-to-night variability. In the Sleep Heart Health Study, 31 the night-to-night variability between laboratory PSG and home PSG was similar to what we found. The influence of different patients' sleeping position on AHI results is long known. 32, 33 In the laboratory, our subjects spent an average of 240 min in supine position, whereas at home they spent an average of 219 min, exactly the same percentage of the artifactfree recording time. This finding, therefore, cannot explain the higher AHI at home.
The variability of the present results are inside the range already reported by other authors 34 and are similar to those found that compare repeated PSG studies. Analyzing four consecutive full-night PSG studies, Bittencourt et al 35 reported an AHI bias between the first and third night, as evidenced by Bland-Altman plot, of 1.45 events/h, varying from Ϫ22.4 to 25.3 events/h. In our study, PSG and home-PM were performed on different nights, at separate places, and with distinct equipment. The comparison, however, shows that the scatter of AHI results in the Bland-Altman plot has lower variability than the night-to-night variability described by Bittencourt et al 35 and other authors. 36, 37 The present study's rate of 16% data loss in home-PM is high but within the reported range of 3 to 18%. 12 Most problems initially happened due to inexperience in instructing the patients and in verifying the battery's status. Focusing on avoiding these problems can reduce data loss.
Evidence regarding unattended monitoring is incomplete in several domains. 12 The present study can help to fill the knowledge gaps. First, many published studies, 13, 15 used type 3 equipment that have not been validated by comparison to a standard, such as PSG. Second, in most cases equipment were validated in small assisted-environment studies. 13, 23 Third, most studies involved small numbers of patients. 23,36 -38 The number of subjects evaluated in the present study is greater than most of the studies 6, 13, [15] [16] [17] 23 that used type 3 monitors published thus far and is, to our knowledge, the largest that assesses home-PM detection of OSAS.
The clinical outcomes of OSAS shown in Table 4 were uniformly correlated with PSG AHI and home-PM AHI. These findings are encouraging because they indicate that the diagnostic ability of the two methods is comparable. We 19 have previously shown that OSAS diagnosed by home-PM was strongly associated with resistant hypertension, confirming that this method is capable of detecting the presence of disordered breathing, which is associated with comorbidities. Whitelaw et al 39 randomized patients to have either PSG or home oximetry testing before using continuous positive airway pressure (CPAP) and showed no superiority of PSG over home oximetry in terms of improved quality of life with treatment. Accordingly, Mulgrew et al 40 found no advantage of a PSG study group over an ambulatory group (home monitoring and auto-CPAP) on 3 weeks of treatment with automatic positive airway pressure (APAP) device with regard to AHI results, ESS results, and quality of life but found a small advantage on adherence of treatment in the ambulatory group.
Conclusions
After being validated at the laboratory against full PSG, the diagnostic performance of a type 3 PM for detecting OSAS at home is within acceptable limits for diagnostic tests. The agreement of home-PM with PSG is similar to that described between two typical PSG studies. These results suggest that the availability of PM will increase the possibility of correctly diagnosing and effectively treating sleep breathing disorders in populations worldwide.
